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Derivatives and integrals with respect to the order of the Struve functions H,(x) 
and the modified Struve functions L,,(x) are considered and expressed in terms of 
finite and infinite integrals. Order derivatives with the half of an odd integer order 
are presented in a closed form, while for the zero and one orders, the corresponding 
integrals are evaluated numerically. The integrals with respect to the order of the 
Struve functions are related to the associated Volterra function v(x, -t). A short 
table of this function is presented. 5” 1989 Academic Press. Inc 
1. INTRODUCTION 
As a part of a continuing study of derivatives and integrals with respect 
to the order of the Bessel functions and related functions [4] some new 
results connected with the Struve functions, H,(x), and the modified Struve 
functions, L,(x), are presented. 
Order derivatives of the Bessel functions, J,(x), Y,(x), Z,(x), and K,(x) 
have been considered (see, for example, [2, 10, 9, 7, 111). Recently, the 
order derivatives and integrals of the Anger functions, J,(x), and of the 
integral Bessel function, Ji,(x), where investigated [4]. To the best of the 
author’s knowledge, derivatives and integrals of the Struve functions with 
respect to the order have not been considered in the literature. 
2. DERIVATIVES OF THE STRUVE FUNCTIONS, H,(x), WITH RESPECT TO THE 
ORDER 
An integral representation of the Struve function is given by [ 1, p. 496, 
12.1.61 
em”‘(1 + f2)“p”2dt, 
Rev> -+, largxl <n/2, (1) 
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where Y,(x) is the Bessel function of the second kind. Differentiating 
Eq. (1) with respect to v we have 
K?(x) = Y,*(x) + CWP) - NV + $11 CffYb) - Y,(x)1 
2(x/2)” m 
+ 7z1’2r(v + l/2) s 
e-“‘(l +t2)Y-1/2 
0 
x ln( 1 + t2) dt, Rev> -4, (2) 
where tj(x) is the digamma (psi) function and the Petiau notation for order 
derivatives is used, i.e., 
aH”b) 
H,*(x) = -gy-- 
am4 Y?(x) =-$-y-’ 
(3) 
The order derivatives of the Struve functions, H,*(x), with v = n + f, n = 0, 
1, 2, . . . can be expressed in a closed form. For v = $ from (2) we have 
W12(x) = YT12(x) + CM-Q) - 11/(1 )I [H,,,(x) - Y&)1 
e -.” ln( 1 + t2) dt; (4) 
and because [6, pp. 115 and 733 
112 
(1-cosx) 
Y,,,(x) = - ; 
( > 
112 
cos x 
YT,z(x) = 2 
( > 
112 (5) 
{cosxCi(2x)+sinx[Si(2x)-n]} 
11/(l)= -y= -0.57721566... 
and [8, p. 49, 6.111 
s 
a 
e -” ln( 1 + t’) dt = -i cos x Ci(x) + sin x 
0 
STRUVE DERIVATIVES AND INTEGRALS 
we have from (4)-(6) 
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HT12(x) = 
( ) 
2 I” {y + ln(x/2) + cos x[Ci(2x) - 2 Ci(x)] 
+ sin x[Si(2x) - 2 Si(x)]}, (7) 
where y is the Euler constant, and Si(x) and Ci(x) are the integral sine and 
cosine functions [l, p. 231, 5.23. 
The Struve functions satisfy the recurrence relations [ 1, p. 496, 12.1.91 
2v b/2)” 
H,- I(X) + H,+ I(X) =x H,(x) + n~,2r(v + 3,2) 
and 
Differentiation of (8) and (9) with respect to v gives 
H:p ,(x) + Hf, 1(x) =; H,*(x) +; H,(x) 
+ (x/2)” ClnW2) - +(v + 3/2)1 
x”~Z-(V + 3/2) 
and 
; [H,*(x)] = H,*- ,(x) -5 H,*(x) - f H,(x). 
(8) 
(9) 
(10) 
(11) 
Introducing v = i into (1 ), it is possible to evaluate the order derivative of 
the Struve function for v = - +, 
H* ,,r(x) =& CH:,2(x)l+ & HT,,b) +; H,,,(x)> (12) 
where H&(x) is given in (7) and H,,,(x) in (5). Therefore from (ll), (7), 
and (5) it follows that 
ff*1,2(~) = (;)“2 { cos x[Si(2x) - 2 Si(x)] 
-sin x[Ci(2x) - 2 Ci(x)]}. (13) 
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Introducing (7) and (13) into (10) with v = 4 we have 
X 
2 
+2(1 -cosx)+ 
( 
cosx 
- + sin x [Ci(2x) - 2 C;(x)] 
x x > 
+ 
i 
y-cosx 
> 
[Si(2x)-2Si(x)] 
1 
(14) 
Thus, starting from (lo), (7), and (14), the order derivatives, H,*+ ,,2(x), 
can consecutively be evaluated. 
H,*+ &x) can also be evaluated in an alternative way by introducing 
Eqs. (1) and (2) and considering the appearing integrals as the Laplace 
transforms, i.e., 
H,*+ ,Jx) = Yz+ ,&x) + ‘(~f~~~ I” (L{ (t2 + 1)” ln( 1 + t’)} 
+ [ln(x/2)-$(n+l)] L{(l +t’)“}), Rex>O. (15) 
Since Yap ,,2(x) and YT;2(x) are known [7] Y,*+,,,(x) can be evaluated 
from the corresponding recurrence relation and the Laplace transforms 
easily deduced taking into account that 
L{t”ln(l+t2)}= -& f 
(i 
cosxCi(x)+sinx 
x[Si(x)-:I}), m=0,2,4 ,..., 2n. 
and $(n+l)= -y+C;=, l/k. 
Using two other integral representations of the Struve functions 
[l, p. 496, 12.1671 
2(x/2)’ ’ 
HP(x) = 7pr(v + l/2) i 
(1 - f2)“P 112 
0 
x sin(xt) dt, Re v > - 4 (17) 
and 
2(x/2)” 
s 
n/2 
H5Jx) = 7c1’2r(v + l/2) sin(x cos 8) 0 
x (sin 0)2V dd, Re v > - + (18) 
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the order derivatives of H,,(x) are 
N,*(x) = [ln(x/2) - $(v + i)] H,,(x) 
where 
2(x/2)’ 
+ 7r”*r( v + l/2) 
4v, XL 
or 
Z(v,x)= jo’ (1 -~*)‘~“*ln(l -r* 
Rev> -+, (19) 
) sin(xt) dr (20) 
I 
n/* 
I( v, x) = sin(x cos 0) ln(sin* @(sin @)*” de. (21) 
0 
By comparing (19) with (7) and (14) and using 
H,,*(x) = ; 
( > 
I/2 
(1 -cosx) 
H~,2(x)=(~)1’2(l+-$)-(~)“2(sinx+~) (22) 
we have 
I k, x 
( > 
=i {cos x[ln(x/2) + y] + cos x[Ci(2x) 
- 2 Ci(x)] + sin x[Si(2x) - 2 Si(x)]} 
z(;,x)=${3-2;sx + [ln(x/Z) - 1 + y + Ci(2x) 
(23) 
- 2 Ci(x)] 
( 
y + sin x 
> 
+ [Si(2x) - 2 Si(x)] 
sin x 
X --cosx . 
X >> 
From (2) and (19) it follows that order derivatives of the Bessel function of 
the second kind can be written in the form 
Y:(x) = [ln(x/2) - Il/(v + f)] Y,(x) 
(1 - t*)” -‘/* In( 1 - t*) sin(xt) dt 
s 00 - e~“(1+t2)V~1~21n(l+t2)dt (24) 0 
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Derivatives of the Struve functions with respect to the order for integer 
values of v can be evaluated from the recurrence relation (10) using 
H,*(x) = - 5 J,(x) + [ln(x/2) + y + 2 In 21 [H,(x) - Y,(x)] + P,(x) 
H:(x)=; r,(x)--:J,(x)+ [ln(x/2)+y+2ln2-21 
x [H,(x) - Y,(x)1 + XFAX), 
where 
(25) 
(26) 
(1 + t2)“2 ln( 1 + t2) dt. 
The integrals F,(x) and F2(x) were evaluated numerically and they are 
presented in the Appendix. 
3. INFINITE INTEGRAL WITH RESPECT TO THE ORDER OF 
THE STRUVE FUNCTION H,(x) 
Let us evaluate 
R(x) = jm H,(x) dp. (27) 
0 
From the integral representation of the Struve function given in (17) it 
follows that 
R(x) =$lom =((;y)1i2) ji (1 - t’)“- 1’2 sin(xt) dt dp. (28) 
Changing the order of integration in (28) we have 
R(x)= 2 112 , 01 sin(xt) 0 
X 
s 
00 [x/2(1-t2)]“p1’Zdpdt 
0 w+ l/2) . 
(29) 
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The inner integral in (29) can be recognized as the associated Volterra 
function, v(z, a), which is defined as [5, pp. 217-227, 18.31 (see also [3]) 
Recc> -1. (30) 
Using (29) and (30), we can express the infinite integral with respect to 
the order, R(x), as the definite integral of the associated Volterra function 
R(l)=(:)“2j:sin(xI)v[i(I-12), -i]df. (31) 
Introducing t = cos 0 into (31) we have 
sin(x cos 0) v G sin2 8, - f sin 0 d0. (32) 
This expression can also be derived if instead of Eq. (17), the integral 
representation of H,(x) given in Eq. (18) is introduced into (28). An 
equivalent form of (31) or (32) is also given by 
R(x)=x j~H-,(xf)v[5(1-12,]dl. (33) 
A short table of the associated Volterra function v(x, - f) is given in the 
Appendix. 
4. DERIVATIVES AND INTEGRALS WITH RESPECT TO THE ORDER OF 
THE STRUVE FUNCTIONS, H,(x), VIA THE LAPLACE TRANSFORM METHOD 
The Laplace transform of { t”‘2H,(x A)} is known [8, p. 164, 16.271, 
L{ t”“H,,(x &)} = --i (%)’ epX214” 
where erfz is the error function. 
Let us introduce 
Rev> -i,Res>O (34) 
F(v, x, t) =; [tY’2Hy(~ fi)] (35) 
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or 
F(v, x, t) = 4 tvi2 In tH,,(x J’?) + t”‘2H,?(x &). 
Then from (34) and (35) we have 
L(F(v, x, t)} = G(v, x, s) 
(36) 
and therefore’ 
F(v,x, t)=Lm’{G(v,x,s)). (38) 
Using (34) and taking into account that [8, p. 375, 15.80; p. 268, 6.11 
Lp’ (i(%)‘e ‘zf4serf($=)~= -~tc’;A’)12H,,~,(x,,ft) (39) 
=-y-lnt 
from the convolution theorem we have 
+ tv12 ln(x/2) H,(x Jf). 
Since F(v, x, l)= H,*(x) and 
s 
’ u”H,(u) du = z”H,,(z) 
0 
(40) 
(41) 
the order derivatives of H,(x) are given from (40) by 
HZ(x) = [y + ln(x/2)] H,(x) +x ji t” In( I- t”) 
x H,, ,(xt) dt, Rev> -$. (42) 
’ The author is indebted to Dr. N. Kravitsky, Department of Mathematics and Computer 
Science, Ben-Gurion University of the Negev, Beer-Sheva, for showing that the use of the 
complex inversion formula to (34) will give the power series expansion of H,,(x) (56) and not 
the integral representation of the Struve function. 
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As expected, for v = $, using H&x) from (22) and 
2 
( I=(-) 
112 
H-112 x sin x 7cx 
we have from (42) 
[y + ln(x/2)]( 1 - cos x) 
ln( 1 - t”) sin(xt) dt, 
which is identical with (19) and (20). 
Let us evaluate the integral 
R(x, t, 1) = j’ tri2Hj,,(x &) dp, x > 0. 
0 
25 
(43) 
(44) 
(45) 
From (34) we have 
L{ R(x, t, A)} = P(x, s, i), (46) 
where 
P(x, s, A) = le -r2’4s erf(*)[($);- 11 
s ln( 2s/x) (47) 
The inverse of the Laplace transform gives the desired integral 
R(x, t, A) = L ‘(P(x, s, A)}. (48) 
From the convolution theorem, as applied to (47) it is possible to express 
R(x, t, 1) in a number of equivalent forms, taking into account that 
[S, p. 375, 15.80; p. 374, 15.74; p. 277, 6.771 we have 
]=-!jv(i,a), a>O,Recr> -1; 
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and therefore 
R(x, t, A)= $ ( > 
Ii2 sin(x J;) 
*,+ &t,A-;), (50) 
or 
R(x,t,+;v ;t * [tr’12H 1(x&) ( > 
-t (i-‘)‘2H,_ ,(x J;,], 
where using (8), Hm ,(x ,ft) can be eliminated by 
Hp,(x,i;)=$H,(x&). 
(51) 
(52) 
Evidently, for t = 1 and A= co, the integral R(x, t, 2) is reduced to R(x), 
which has been defined in (27). From (47) and (49) we have 
s 
m T~‘~H,(x fi) dp 
0 
X 'I2 rsin[x(z-u)1'2] 
=s 0 oj ( > 
x 1 d 
(z-u)l/2 v p-2 !A. (53) 
As expected, introducing r = 1 and u = 1 - t2 into (53) the previous result 
(31) is obtained: 
It can also be written in an equivalent form: 
jm H,(x) dp = x j; H-,(xt) v 
0 
[;(L-r’)]dt, 
(54) 
The integrals (53) and (54) can be developed in the series of the Volterra 
functions. Since [ 1, p. 496, 12.1.33 
H,(z)= 5 (-1)” (z/2)2n+p+’ 
n=or(n+3/2)T(n+~++3/2)’ 
(56) 
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therefore, introducing (56) into (53) and inverting the order of integration 
and summation we have 
j= tQi2Hp(x&)dp= 
( - 1)” X%( (x/2) t, n + l/2) 
1 .3.5...(2n+ 1) ’ (57) 0 
Introducing t = 1 into (57) leads to the series for the integral (54). 
5. DERIVATIVES AND INTEGRALS OF THE MODIFIED STRUVE FUNCTIONS, 
L,(x), WITH RESPECT TO THE ORDER 
Essentially, derivatives and integrals of the modified Struve functions can 
be derived in a similar way as corresponding expressions for H,(x) 
functions. However, in many cases it is easier to use the relation which 
links L,(x) and H,(x) functions [ 1, p. 498, 12.2.11: 
L,(x) = -ie~‘““‘2H,(i~). 
Differentiation of (58) with respect to v gives 
L,*(x) = -9 L,(x) - k-‘“““H,*(ix). 
From the recurrence relation [ 1, p. 498, 12.2.41 
L,,~,(x)-L,.,,(x)=~L,(x)+ (x/2)” 
n”21-(v + 3/2) 
(58) 
(59) 
(60) 
we have 
+ (x/2)” ClnW) - W + 3m1 
n”‘r(v + 3/2) ’ (61) 
From (61) the order derivatives of the modified Struve functions when v is 
half of an odd integer can be evaluated if LT1,2(x) and L:,*(x) are known. 
Using (7), (13), and (59) and the fact that [l, p. 498; p. 232, 5.2.22, 5.2.241 
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L 
h,*(x) = i ( > 
112 
(coshx- 1) 
Ci(ix)=i [Ei(x)-E,(x)]+; 
Si(ix) = f [Ei(x) + E,(x)], x > 0, 
where the exponential integrals are defined by Cl, p. 228, 5.11 
E,(x)=jx e~“$= -Ei(-x)=f(O,x) 
i 
Ei(x)=y+lnx+ 
5 
6(&- 1):; 
we have 
[Ei(2x) - 2 Ei(x)] 
and 
L$,(x)=(k)“*{-(y+ln$)+$[Ei(Zx)-2Ei(x)] 
-; [&(1x)-2E,(x)7). 
In a general case, from (42) and (59) we have 
L:(X)=[ln(x/2)-i(v~~)]L,(x) 
(62) 
(63) 
(64) 
(65) 
xd2)” 
+ 7cV(v + l/2) Q<V? x)2 Rev> -k, (66) 
where 
e(v, X) = j: (1 - t2)” ~ ‘I2 ln( 1 - r*) sinh(xt) dt (67) 
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or 
Q(v, x) = 1: (sin 0)2” ln(sin2 0) sinh(x cos 0) dtl. 
From (62) and (65) it follows that 
s 
1 
ln( 1 - t2) sinh(xt) dt = -’ [ln(x/2) + y] cash x 
0 X 1 
+f [E,(2x)-2E,(x)] 
(68) 
-$ [Ei(2x) - 2 Ei(x)]}. (69) 
Order derivatives of the modified Struve functions for integer values of v 
can be evaluated from (61) using 
L,*(x) = CWP) - WI Lo(x) + M4 
L?(x) = CWP) - +G)l b(x) + xF4(x), 
(70) 
where 
F3(x) =a [: :yy ,;rL sinh(xt) dt 
F4(x) = 2 ii (1 - t’)“’ ln( 1 - t2) sinh(xt) dt. 
(71) 
The integrals FJx) and F4(x) were evaluated numerically and they are 
presented in the Appendix. 
Using the Laplace transform [8, p. 164, 16.281 
L{PL,(x fi)} =f (%>‘84.~ 
Rev> -i,Res>O (72) 
the order derivatives of the modified Struve functions can be derived in a 
way similar to that in (42): 
L:(x) = [y + ln(x/2)] L,(x) + x s,’ t” ln( 1 - t2) 
x L,p ,(xt) dt, Rev> -i. (73) 
409/137/l-3 
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Using the convolution theorem, the integral with respect to the order of 
the original function in (72) can be expressed in terms of the associated 
Volterra functions [S, p. 374, 15.77, 15.79; p. 277, 6.771 
j-’ tp’i2Lp(x J;) dp = 
0 
or in the form 
For A=co and t=l, we have 
s 
m II* ] 
sinh(xt) v dt. 
0 
L,(x)dp= ; 
0s 0 
5 (1 - t’), -i 
Using [l, p. 498, 12.2.11 
L,(z)= f 
(42) 
2n+p+l 
n=or(n+3/2)T(n+~+3/2) 
the infinite integral 
Jrn PI*L,(x,/h)dp= 
x”v((x/2) t, n + l/2) 
0 n=O 1 .3.5...(2n+ 1) 
(74) 
(75) 
(76) 
(77) 
(78) 
can be developed into the series of the associated Volterra functions. 
APPENDIX 
The associated Volterra function v(x, - 4) has been evaluated in the 
same way as the Volterra function v(x) [3]. 
The asymptotic expressions 
(AlI 
X1 
v(x, a) - - 
f a, 
T(M+ ljnco [ln(l/x)]“+’ 
as x+0 
,zO’ 
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where the first four a,, coefficients are 
a, = I 
a, = -$(a+ 1) 
a, = $(a + 1)2 - @‘)(a + 1) 
a3=3$(a+1)$“‘(cc+1)-$‘~‘(M+1)-$(cr+1)3 
and 
v(x, ct) - e” as x-+00, 
permit the extended computed range (see Table I). 
(AZ) 
The integrals F,(x), F2(x), F3(x), and FJx), defined in (26) and (71), 
were evaluated by the corresponding transformation of variables and by 
using an iterative algorithm based on the weight integration formula 
(HPlSC computer). They were rechecked (up to six decimal places) by 
using the Simpson rule in the case of F,(x) and F,(x) and by using two 
different forms of integrand in the case of improper integrals F3(x) and 
Fh). 
Since the Bessel and Struve functions are tabulated and their asymptotic 
behaviour is known, the limiting expressions for 
xF,(x)= H:(x) t ;J,(x)-; Y,(x) 
-[inoi (i)] CfJ,(x)- Y,(x)1 
F3(x)=L~(x)-[ln(x/2)-~(~)]L,(x) 
(A3d) 
can be obtained from (A3) using the asymptotic expressions of H,*(x) and 
L,?(x). They can be evaluated in the following way. Introducing the 
asymptotic formulas of the error function [ 1, p. 297, 7.1.6; p. 298, 7.1.161 
erf z 
22 
-pe 
- ;2 as z-+0 
erfz- 1 as z+cc (A4b) 
TABLE I 
x 
0.0001 
V(.X, -9 Eq. (Al 1 
7.3243 7.3169 
P’ 
0.001 3.2317 3.2219 
0.005 1.9749 
0.01 1.6491 
0.02 1.4154 
0.03 1.3155 
0.04 I.2662 
0.05 1.2262 
0.06 1.2043 
0.07 1.1900 
0.08 1.1810 
0.09 1.1758 
0.10 1.1734 
0.15 1.1867 
0.20 1.2228 
0.25 1.2709 
0.30 1.3270 
0.35 1.3894 
0.40 1.4572 
0.45 1.5300 
0.50 1.6077 
0.55 1.6901 
0.60 1.7773 
0.65 1.8694 
0.70 1.9667 
0.75 2.0692 
0.80 2.1771 
0.85 2.2908 
0.90 2.4105 
0.95 2.5364 
1.00 2.6688 
1.10 2.9546 
1.20 3.2707 
1.30 3.620 1 
1.40 4.0063 
1.50 4.4332 
1.60 4.9049 
1.70 5.4263 
1.80 6.0025 
1.90 6.6392 
2.00 1.3429 
2.10 8.1205 
2.20 8.9798 
2.30 9.9295 
2.40 10.9789 
2.50 12.1387 
3.00 20.0440 20.0855 
3.50 33.0760 33.1154 
4.00 54.5605 54.598 1 
4.50 89.9811 90.0171 
5.00 148.378 148.413 
6.00 403.396 403.428 
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into the Laplace transform of 
L{F,(V, x, t,} = L ; [rV’2L,,(x J,] (A54 
(A5b) 
which is an analog to (37), we have for x + 0 and x -+ CC 
(A6a) 
From [S, p. 268, 6.83 the inverse of (A6a) with t = 1, (F,( v, x --t 0, 1) = 
L,*(x -+O)), is 
L:(x+o)=x 
““[111(x/2)-$(v+3/2)] 
2’1?‘~l-( v + 312) ’ (A7) 
The behaviour of H,*(x) as x --t 0 is the same as given in (A7) for L,*(x), 
and therefore for v = 0 and v = 1 we have 
H$(x-+O)=~[ln(x/?)-$(:)I 
H:(x+O)=g[ln(x/2)--$(:)I. 
(A8a) 
(A8b) 
The inverse of (A6b) is known only for v = k i/2, v = 0, and v = 1. 
For the last two cases [S, p. 256-257, 5.7555.831 
L,*(x-+ co)=&(x) 
L:(x-rm)=K,(x)+~(x). 
For x-co, the Laplace integrals (26) have the following asymptotic 
behaviour: 
F,(x) -5 (AlOa) 
F,(x) -$. (AlOb) 
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Thus, the limiting expressions for integrals under consideration are 
available using (A3) and (A7) for x -+O and (A3) and (A9) or (AlO) for 
x -+ co (see Table 11). 
TABLE II 
x F,(x) Eqs. (A3a), (A8a) Eq. (AlOa) 
0.01 11.5806 11.5806 
0.05 4.9212 4.9212 
0.10 3.0234 3.023 1 
0.20 1.6685 1.6668 
0.30 1.1051 
0.40 0.9767 
0.50 0.6042 
0.60 0.4743 
0.70 0.3819 
0.80 0.3136 
0.90 0.2615 
1 .oo 0.2209 
1.50 0.1089 
2.00 0.0622 1 
3.00 0.02592 
5.00 0.007508 
7.00 0.003090 
10.00 0.001150 0.001273 
25.00 0.00007998 0.00008149 
50.00 0.00001013 0.m1019 
x F,(x) Eqs. (A3b), (A8b) Eq. (AlOb) 
0.10 350.0439 350.0438 
0.20 66.6543 66.6539 
0.30 24.4841 
0.40 11.8297 
0.50 6.6574 
0.60 4.1316 
0.70 2.7455 
0.80 1.9191 
0.90 1.3949 
1.00 1.0460 
1.50 0.3381 
2.00 0.1488 
3.00 0.04578 
5.00 0.01010 
7.00 0.003700 0.003712 
10.00 0.001271 0.001273 
25.00 0.00008148 0.00008 149 
Table continued 
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TABLE II (confinued) 
Y - F3t.x) Eqs. (ARC), (A7) Eqs. (ARC), (A9a) 
0.01 0.01273 0.01273 
0.05 0.06368 0.06366 
0.10 0.1275 0.1273 
0.20 0.2561 
0.30 0.3870 
0.40 0.5214 
0.50 0.6604 
0.60 0.8053 
0.70 0.9574 
0.80 1.1180 
0.90 1.2886 
1.00 1.4707 
1.50 2.6157 
2.00 4.3592 
3.00 11.4988 
4.00 29.9925 29.5603 
5.00 78.4282 78.0559 
7.00 542.238 541.944 
10.00 10060.4 10060.2 
x - FAxI Eqs. (A3d), (A7) Eqs. (A3d), (A9b) 
0.01 0.001414 0.001415 
0.10 0.01416 0.01415 
0.20 0.02841 0.02829 
0.30 0.04285 
0.40 0.05755 
0.50 0.07263 
0.60 0.08818 
0.70 0.1042 
0.80 0.1210 
0.90 0.1386 
1.00 0.1571 
1.50 0.2674 
2.00 0.4225 
3.00 0.9891 
4.00 2.2907 
5.00 5.3621 5.2640 
7.00 30.5493 30.449 
10.00 448.288 448.288 
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